The synthesis of 2,6-diamino-substituted purines is reported starting from 2,6-dichloropurine via two subsequent selective nucleophilic substitution reactions. The first substitution takes place selectively in 6-, the second in 2-position. The compounds were synthesized as structural analogs of reversine, a substance which was reported to possess the ability to de-differentiate lineagecommitted cells into progenitor cells which then can be differentiated into other cell types such as adipocytes or osteoblasts. The obtained compounds were tested regarding their potential to support cardiomyogenic cell differentiation based on preliminary findings that reversine also showed some activity in this regard.
Introduction
Purines and aminopurines are important compound classes with various physiological and pharmacological properties. 1 For example, purine derivatives are reported to act as nucleotide binding proteins that play a significant role in many biological processes. 2 Other representatives of this class have antirhinovirus 3 or antitumor activity as kinase inhibitors. 4 Consequently, a large number of purine libraries have been synthesized in solution 5 or using solid polymer supports. 6 for medicinal applications quite unlikely. Besides the aforementioned problems, iPSC reprogramming is still a slow and inefficient process. The usage of synthetic small molecules (SySMs) in therapies involving cell differentiation processes would be highly desirable, since most approved drugs are based on the application of such compounds, and methods to test for activity and toxicology are well established. This suggests that processes leading to approval of these compounds for treatment in patients will be more facile compared to other methods such as inserting genes into the cells via a retrovirus. Up to date, only a handful of SySMs influencing cell differentiation have been reported. 12 For example, neurodazine 13 and neuropathiazole 14 were reported as agents able to initiate a transformation of certain cell types towards neurons. Cardiogenol C 15 and Shz 1 16 induce the transformation of stem cells towards cardiomyocytes. This is a very interesting feature since, compared to other tissues, the heart usually displays a very limited regenerative capacity after injury. 17 Therapies based on the application of such chemicals have the potential to become highly important in the treatment of neurodegenerative diseases or in the treatment of patients after a myocardial infarction. Based on preceding publications, reversine and cardiogenol C served as inspiration and lead structures for the current project. As can be seen from Figure 1 , the two molecules have structurally large similarities (marked in blue). Since cardiogenol C exerts a strong cardiomyogenic effect on embryonic stem cells, 15 a similar activity of reversine and derivatives thereof should be tested. In this regard, a convenient and fast synthetic method for the preparation of a library of these compounds was required. Within this contribution, a facile synthetic route as well as initial biological results are reported. © ARKAT-USA, Inc. 
Results and Discussion
The synthesis of reversine has been reported in the literature starting from 2-fluoro-6-chloro-9H-purine as the starting material with 67% overall yield. 7 However, it suffers from certain drawbacks, most importantly the availability of the starting material as being very expensive and difficult of access. According to the literature report the synthesis of 2-fluoro-6-chloro-9H-purine can be achieved in 61% yield starting from 2-amino-6-chloropurine which is also an expensive chemical. Therefore, a synthetic route starting from more readily available and cheaper substrates was envisioned for library synthesis. Halide substituents in the purine system display a leaving group ability which decreases in the series C-6 > C-2. 18 Hence, if the difference in reactivity is sufficiently large, 2,6-dichloropurine (1) can also be used as the starting material. This compound can be synthesized starting from xanthine -a cheap starting material -following a facile literature-known protocol, however in 47% yield. 19 Nucleophilic substitutions on this compound have been reported in the literature. For example, the reaction of 2,6-dichloropurine with cyclohexylamine took place selectively in the 6-position in 76% yield using pentanol (alternatively n-butanol can be used) as solvent at 70 °C. 20 Also in our hands this nucleophilic substitution on 2,6-dichloropurine worked well and selectively at the more electrophilic C6 center. Substitution of the second chlorine by aromatic amines is also a literature-known process and usually proceeds under acid catalyzed conditions (TMSCl, amine, n-BuOH, 120 °C). 21 Under these conditions, we could introduce 4-morpholinoaniline at C2 to obtain reversine 3 in 63% yield (Scheme 1). Although the overall yield of this 2 step synthesis of reversine is lower than the reported synthesis (48% compared to 61%), this method is much more practical for the synthesis of a library of compounds due to the significantly better accessibility of the starting material (2,6-dichloropurine) from a cheap precursor. B: ArNH 2 (2.5 equiv), TMSCl (1-3 drops) in dry n-BuOH, 120 °C, 14 h.
With the protocol described above, a series of reversine analogs was prepared. Initially, the cyclohexylamine substituent in 6-position was kept constant and the arylamino-substituent in 2-position was exchanged for p-anisidine (this is the arylamino substituent present in cardiogenol C) as the most active group within the cardiogenol series. Derivative 4 was synthesized in 70% yield over two steps (Scheme 1). Next, ethanolamine was introduced into the 6-position (as in the cardiogenols) and 4-morpholinoaniline into the 2-position reflecting the reversine substitution pattern. First, ethanolamine was introduced according to the literature protocol in 57% yield (Scheme 2) 21 and the intermediate reacted with 4-morpholinoaniline in 90% yield to
give 6 (51% yield over 2 steps, Table 1 , entry 1). Both of these compounds (4, 6) can be considered as hybrids between reversine and cardiogenol C as a result of substrate interconversion of the two lead structures. Interesting insights into the SAR of these two lead compounds were expected. Compounds 7-10 were obtained in good yield and can be considered as "purine analogs" of the cardiogenols.
Besides the arylamino-substituents present in cardiogenols, a series of other aniline derivatives was introduced subsequently in 2-position (Scheme 2). Compounds 11-16 were obtained in fair to excellent yields (Table 1 , 40-90%). No clear trend regarding the efficiency of the nucleophilic substitution was observed. So far, the best yields were achieved when 4-morpholinoaniline, m-anisidine, and 4-fluoroaniline were used as nucleophile in the second step (entries 1, 7, 11). On the other hand, modest yields were obtained using 3-chloroaniline and 4-phenylethylaniline (entries 6, 8). Interestingly, 2-fluoro-, 2-chloro-, and 2-bromo-substituted anilines did not give the desired product probably due to steric hindrance. In contrast, substitution of C2 chlorine by m-halo substituted anilines (F-, Cl-, Br-substituted anilines) was generally successful (entries 9, 10, 11). Among such 4-substituted haloanilines, 4-fluoroaniline was successfully used as the C2-substituent to give product 16 (entry 11) with 89% yield. Unfortunately, 4-chloro and 4-bromo-substituted anilines did not give the desired products. As can be seen from Scheme 3, reaction of 2,6-dichloropurine with propanolamine gave intermediate 17 in good yield of 64%. Nucleophilic substitution of the crude material with two different aromatic amines gave the desired products 18 and 19, again with good yields of 84% and 77%, respectively.
Results of biological testing
As already reported in the literature, reversine was able to induce myogenic lineage committed cells (C2C12 cells) to become multipotent progenitor cells (representing a de-differentiation process), which could then be re-differentiated into osteoblasts and adipocytes. 7 The activity of reversine was determined by a 4 day-treatment of the cells with reversine, before established osteogenesis-inducing conditions or factors to drive the differentiation of adipocytes were applied. An also possible direct trans-differentiation process was excluded.
Here, we first attempted to reproduce the effect of reversine 3 on the differentiation properties of C2C12 skeletal myoblasts. Figure 3 shows that low concentrations of reversine inhibit the differentiation of C2C12 myoblasts to mature skeletal muscle fibres (skeletal myotubes), which is in agreement with the literature reports.
7 Thus, it can be observed that 2 nM reversine strongly inhibited the formation of myotubes as compared to the control experiment. At this low reversine concentration, there were no signs of cell toxicity. However, at higher concentrations, reversine significantly decreased cell density, and at a concentration of 2 µM, hardly any viable cells were visible after 4 days of treatment. After confirming that reversine is active on our studied C2C12 cell cultures consistent with the literature reports, 7,22 we performed an initial study of its potential cardiomyogenic activity.
Therefore, the properties of currents carried by voltage-gated sodium channels were compared between reversine-treated and control C2C12 cells. Figure 4 shows two effects of reversine on the sodium currents: First, the sodium currents of reversine treated cells showed an increased resistance against blocking by tetrodotoxin (TTX), a skeletal muscle sodium channel specific blocker (left figure part). Secondly, reversine significantly slowed the kinetics of the sodium currents (right figure part). Both results are consistent with an up-regulation of the expression of the cardiac sodium channel isoform Na v 1.5, versus the normally predominantly expressed skeletal muscle isoform Na v 1.4, in reversine-treated C2C12 cells. Thus, reversine seems to induce cardiomyogenic function in C2C12 skeletal myoblasts. At present, however, it cannot be judged if this effect of reversine is simply produced by a de-differentiation of C2C12 cells, or a partial trans-differentiation of C2C12 cells into cardiomyocytes. Newly synthesized compound 4 showed a similar activity on the morphology of C2C12 cells as reversine. Compound 8 generated by trend similar effects on the sodium currents compared to reversine. Moreover, it significantly speeded the activation of currents through voltage-gated calcium channels (data not shown). This may be interpreted as a moderate shift towards more cardiac-like calcium current properties.
Summarizing, we have developed a facile and rapid synthetic strategy to reversine analogs by site-selective nucleophilic attack at 2,6-dichloropurine. Representatives of the compound library prepared displayed interesting biological activities indicating a trans-differentiation potential of such structures towards cardiomyogenesis.
Experimental Section
General. Unless otherwise noted, chemicals were purchased from commercial suppliers and used without further purification. Melting points were determined using a Kofler-type Leica Galen III micro hot stage microscope and are uncorrected. HR-MS was carried out by E. 1 H and 13 C were recorded on a Bruker AC 400 (400 MHz) spectrometer in case of reversine. In most cases some 13 C signals were not visible due to slow relaxation.
General procedure A 2,6-Dichloropurine (1 equiv), aliphatic amine (1.1 equiv), and DIPEA (1.2 equiv) were dissolved in n-BuOH under nitrogen atmosphere. Then the reaction mixture was heated at 70 °C for 4 h. The reaction was monitored by TLC and found to be finished after 4h. Then the reaction mixture was cooled to r.t. A precipitate appeared upon cooling. The reaction mixture was kept in the freezer for 2 h. Pure product was obtained by filtration and washing with cold n-BuOH.
General procedure B
Compounds (1 equiv) obtained according to general procedure A and the aromatic amine (2.5 equiv) were dissolved in dry n-BuOH in a screw-cap vial and 1-3 drops of TMSCl were added. Then the reaction mixture was heated at 120 °C for 14 h in a heating block. A precipitate was formed and pure product was obtained by filtration and washing with cold EtOH or EtOAc.
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Biological test methods
Cell type. C2C12 skeletal myoblasts (American Type Culture Collection, ATCC). Cell culture. C2C12 cells were propagated in growth medium consisting of Dulbecco's modified Eagle's medium (DMEM) containing 4.5 g/l glucose, 4 mM L-glutamine, 50 U/ml penicillin, 50 g/ml streptomycin, and 20% fetal calf serum. The cells were incubated at 37 °C and 5% CO 2 , and when about 50-70% confluence was reached, in undifferentiated skeletal muscle cells (myoblasts), differentiation was induced by serum reduction. For this purpose, myoblasts were incubated in differentiation medium that was identical to the growth medium, except that it contained 2% horse serum instead of 20% fetal calf serum. Small molecules to be
